We present a study on the lithium abundance in 36 T Tauri stars (mass range 0.4-2.25 Mq), partly based on high-dispersion spectra taken with the Isaac Newton Telescope. Veiling effects have been taken into account when measuring the Li i 2670.8 nm doublet equivalent width. Non-LTE effects, studied in the range 4000 < T eff < 5000 K, are significant for the coolest atmospheres, becoming smaller for T eff close to 5000 K. Our non-LTE corrections tend to increase the derived abundance, except for high temperatures («5000 K) and log IV(Li) > 3, where an inverse trend is found. The majority of the stars in our sample present a rather narrow distribution of abundance around log N(Li) = 3.2, the expected value of the present cosmic lithium abundance. Our results do not provide support to models of inhomogeneous big bang nucleosynthesis, that predict a very high value for the primordial lithium abundance. A remarkable lithium depletion (up to two orders of magnitude) has been found only in the most evolved T Tauri stars with M « 0.8 M 0 .
INTRODUCTION
Measurements of the lithium abundance in stars with masses close to solar have provided valuable information on convection and other mixing processes in their surface regions (see, e.g., Michaud & Charbonneau 1990 ) and have set restrictions to nucleosynthesis processes in many astrophysical contexts (Reeves et al. 1990; Arnould 1986 ). During the last 10 years, much observational effort has been devoted to the study of lithium in main-sequence (see reviews by Boesgaard 1990 and Rebolo 1991 ) and post-main-sequence stars (Brown et al. 1989) . In pre-main-sequence (PMS) stars, the lithium problem has been considered in detail from a theoretical point of view (D'Antona & Mazzitelli 1984; Proffit & Michaud 1989; Pinsonneault, Deliyannis, & Demarque 1990) , but a similar degree of completeness has still not been reached in the observational work. The scarcity of measurements is probably due to the faintness of PMS objects, a consequence of the extinction by the clouds in which such stars are usually embedded. Moreover, the spectra of PMS stars are often produced in conditions quite far from equilibrium (matter outflows, accretion from a disk, intense magnetic activity), posing difficulties to their correct interpretation. This would discourage the investigation of the lithium abundance in PMS objects, if the knowledge of this quantity were not so important.
In very young stars (age < 10 6 yr), the lithium abundance is expected to be very close to the present ISM abundance; a measurement of this is crucial for constraining models of galactic evolution using various lithium production mechanisms (e.g., Audouze & Silk 1989) and models of inhomogeneous big bang nucleosynthesis (Alcock, Fuller, & Mathews 1987) . On the other hand, recent observations in young star clusters 1 Based on observations made with the Isaac Newton Telescope, operated on the island of La Palma by the Royal Greenwich Observatory in the Spanish Observatorio del Roque de los Muchachos of the Instituto de Astrofísica de Cananas 2 Instituto de Astrofísica de Canarias, E-38200 La Laguna, Tenerife, Spain.
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(a Per- Balachandran, Lambert, & Stauffer 1988; IC 2139 Stauffer et al. 1989 Pleiades-García López et al. 1991) indicate a strong lithium destruction in low-mass (1-0.5 M 0 ) stars which have just arrived on, or are very close to, the main sequence. The lithium abundance in T Tauri stars (TTSs) is a key to determine the dependence on mass and age of this destruction process and set restrictions to the modeling of stellar interiors in these early phases of stellar evolution. From Bonsack & Greenstein (1960) and Zappala (1972) we know that the lithium abundance in TTSs more massive than the Sun is log N (Li) « 3 [in the scale log N(H) = 12]. However, recent results by Magazzù & Rebolo (1989) , Strom et al. (1989) , and Basó, Martín, & Bertout (1991) in TTSs belonging to various associations have suggested that the Li abundance could be considerably higher in some of these stars. The same authors also found evidence for lithium destruction in some of the less massive objects.
This work presents a detailed study of the lithium abundance in a sample of 36 T Tauri stars. We take into account the "spectral veiling" and consider the effects of non-LTE in the formation of the lithium doublet at 670.8 nm. In our sample there are "classical" T Tauri stars (CTTSs), characterized by strong infrared excess, intense emission lines, and continuum veiling, suggesting the presence of accretion disks (Bertout 1989) , and "weak " T Tauri stars (WTTSs), in which these signs are less conspicuous or absent.
THE STARS OF OUR SAMPLE
The original sample-obtained at La Palma-was enriched with spectra of Chamaeleon stars, taken at ESO by R. Stalio and presented in Franchini, Ferluga, & Stalio (1989) . These data have been augmented with equivalent widths for stars of the Lupus clouds (from Finkenzeller & Basri 1988, hereafter FB) and "naked" TTSs (from Walter et al. 1988 ) for which stellar parameters were available.
Observations
We observed 14 T Tauri stars belonging to the Ophiucus Dark Clouds, Taurus-Auriga complex, and NGC 2264 (selected from Cohen & Kuhi 1979, hereafter CK Table 1 the observed stars, with exposure times and estimated signal-to-noise (S/N) ratios, are listed. After each stellar exposure a wavelength calibration CuAr lamp was exposed; flat-field exposures were taken both at the beginning and at the end of the night.
The CCD frames were reduced with the IRAF package 5 . Each image was debiased, corrected for preflash, flat-fielded, and background-subtracted. The resulting spectra, wavelength calibrated using a fourth-order polynomial fit, are shown in Figure 1 . For some stars we had obtained two images; in this case the corresponding spectra were co-added, after independent reduction. The S/N ratios for these stars refer to the coadded spectra. After a slight smoothing, performed with a low-pass standard Butterworth filter, the spectra were normalized using a cubic spline. The equivalent widths of Li i 2670.8 nm were then measured independently with two different methods (Gaussian fit and integration); the values and the uncertainties listed in Table 2 
AW' (pm) Fig. 1 -Normalized spectra of the T Tauri stars observed at the 2.5 m Isaac Newton Telescope (La Palma). The separation of the spectra is 1.0, i.e., the zero level of each spectrum coincides with the mark indicating the continuum of the spectrum plotted just below. equivalent widths of Ha emission presented in the table (col.
[3]) were taken from CK.
Other Data
We used also CASPEC spectra of stars located in Chamaeleon dark clouds (Franchini et al. 1989) . Their reciprocal dispersion is 15 pm pixel -1 and the effective resolution is similar to our INT data. In these spectra we have measured the equivalent widths of the Li i 2670.8 nm doublet arid Ha (Table 2 ). The latter W¿s have not been corrected for absorption.
In Table 2 are also reported the Ha and Li i 2670.8 nm equivalent widths of pre-main-sequence stars belonging to the Lupus clouds (taken from FB) and Taurus-Auriga complex (from Walter et al. 1988) , which have also been used in this work. No Ha equivalent width is quoted for those stars in which this feature is in absorption. The Li i 2670.8 nm equivalent widths reported by Walter et al., measured in two sets of spectra (low-and high-dispersion), are rather uncertain. We have selected from their sample only stars for which both measurements were available and agreed within 10 pm. The average of these measurements, together with an estimate of the errors, is reported in Table 2 . Due to the lack of reliable atmosphere models for high-gravity, very low temperature stars, we have not considered stars later than M0 (7^f f < 3600). For the same reason, SR 12 and SR 13, two of the stars observed by us, have not been analyzed.
Classical and Weak T Tauri Stars
The stars in Walter et al. (1988) are "naked" TTSs, i.e., X-ray sources with an optical counterpart showing pre-mainsequence characteristics. The definition weak T Tauri stars should be more appropriate for these objects, as suggested by Bertout (1989) . Generally, a criterion based on the equivalent width of Ha is used to distinguish these stars from classical TTSs-the objects that match Herbig's (1977) definition-even if a selection criterion based on the Ha flux would be more meaningful physically (Bertout 1989 ).
In our sample there are other stars showing weak emission characteristics. We adopted IF A (Ha) « 1 nm as threshold between classical and weak T Tauri stars (Appenzeller & 1992ApJ. . .392. .159M 162 MAGAZZÙ, REBOLO, & PAVLENKO Vol. 392 Mundt 1989) . This value is somewhat arbitrary, but this does not affect the validity of our conclusions. Table 3 we show the stellar parameters of all the objects in this work.
STELLAR PARAMETERS In

Spectral Type and Effective Temperature
The spectral types of the stars we observed were taken from CK, while those of the Chamaeleon stars are from Appenzeller, Jankovics, & Krautter (1983) . The determination of CK shows an agreement within plus or minus two spectral subclasses with Herbig (1977) , while Appenzeller et al. do not quote any error in their spectral type determination. However, since the technique they adopt is very similar to that used by CK and since the data they use are of the same quality as CK's, we can assume an error of the same order for their spectral types, i.e., plus or minus two subclasses. For the other stars, the sources of spectral types are the papers from which the stars have been selected. The determination by FB agrees-for the stars in common-within two subclasses with the one by Appenzeller et al. (1983) . This uncertainty can be attributed mainly to the filling-in of the deep absorption lines which also form the main spectral indicators (FB). A similar uncertainty can be attributed to the data of Walter et al. (1988) .
To obtain 7¡ ff from the spectral types, we need a reliable temperature scale. Although CK, making the spectral classification of their T Tauri stars, refer these to a " luminosity class IV system," they derive the effective temperatures using scales for luminosity class V, which at that time were much more reliable than those for class IV. An accurate relationship l°g T^ff versus spectral type for any luminosity class has been derived in 1987 by de Jager & Nieuwenhuijzen. Recently, using the de Jager & Nieuwenhuijzen calibration for luminosity class IV, Magazzù, Martín, & Rebolo (1991) were able to reproduce the solar iron abundance in UX Tau A, a K2 weak TTS. Inthis work we apply the same calibration to all the stars of our sample. The class IV calibration by de Jager & Nieuwenhuijzen (1987) is affected by a 1 <7 error of 0.021 on log T eff ; however, in the range of spectral types covered by our data, the scatter in the residuals does not exceed ±0.01 (see their Fig.  2C ). From their Table 5 we can also see that an indétermi-nation of plus or minus two spectral subclasses translates into an error in log T eff of 0.017 (1 a) for a K3 and 0.011 for a M0. When discussing about effective temperature, one should be aware that in T Tauri stars dramatic variations in the appearance of the spectrum can happen; moreover, the meaning of 1992ApJ. . .392. .159M
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T eff in such stars is a matter of debate (see CK, their § § Illb and V).
3.2. Luminosity The luminosities for the stars observed with the INT are taken from CK; they quote an error of order +0.2 dex. For the stars in Lupus, FB adopt an error bar of about +0.05 dex, corresponding to the uncertainty of +0.2 mag in the visual extinction. The luminosity (without error estimates) of Sz 3, Sz 5, Sz 6, and Sz 19 are given by Bouvier et al. (1986) . For the remaining three stars in Chamaeleon, only the lower limits by Appenzeller et al. (1983) are available. These latter authors computed the luminosity neglecting interstellar extinction, due to the poor reliability of the methods of deriving extinction values for individual T Tauri stars. They also noted that the high uncertainty in the distance of Chamaeleon and Lupus clouds may introduce systematic errors of about a factor of 2 in the luminosities. We then assign an error of about +0.3 dex to the luminosity of all the southern stars; moreover, we ought to bear in mind that the luminosity of Sz 9, Sz 24, and Sz 34 is probably higher than the value we use. For the remaining stars, we keep +0.2 dex as an indication of the luminosity uncertainty. This value is also typical of the error bars in Figure 6 of Walter et al. (1988) .
The presence of an accretion disk may contribute to the observed luminosity. On the other hand, the emission from a disk makes the star bluer, causing an underestimate of the reddening. Cabrit et al. (1990) have shown that these two effects almost compensate and that the luminosity values estimated assuming no veiling differ from the true photospheric luminosity by less than 0.1 dex for a veiling r = 1.0. Figure 2 shows the H-R diagram for the stars under study; the evolutionary tracks and isochrones are from CK. From the position in the H-R diagram it is possible to determine masses and radii, which-in turn-allow us to compute surface gravities. These quantities, derived in this way, are listed in Table 3 . The errors in mass range from 0.05 M 0 , for the coolest stars, to 0.2 Mq for the hottest. We estimate an error on log R (mainly due to uncertainties in luminosity) ranging from 0.10 to 0.15 dex. Finally, these errors lead to an error bar for log g between 0.2 and 0.3 dex.
Other Parameters
From a comparison with the isochrones of Figure 2 we have also derived an approximate age for our stars (Table 3 ). In Table 3 we also list the projected rotational velocities (v sin i). These have been found in the papers by FB and Walter et al. (1988) , for the Lupus and the "naked" TTSs, respectively. For Chamaeleon stars, the source was Franchini, Magazzù, & Stalio (1988) , while the information for V410 Tau and GM Aur was extracted from Vogel & Kuhi (1981) and Bouvier et al. (1986) , respectively.
VEILING
It is well known that in the spectra of T Tauri stars absorption lines often appear shallower than in comparable standards. This "veiling" has been attributed to the filling-in of photospheric absorption lines by an active chromosphere (Calvet, Basri, & Kuhi 1984) or emission from an accretion disk (Bertout, Basri, & Bouvier 1988) . Several interesting papers have been produced recently on this topic. Hartigan et al. (1989) measured the veiling of BP Tau in the range 510-560 nm and found that this does not consist of a " forest " of emis- sion lines that fill in the deepest photospheric absorptions. Rather, the veiling can be described as a continuum emission, almost flat and nearly as luminous as the underlying photosphere. Hartmann & Kenyon (1990) extended the analysis of veiling to a large group of TTSs, and found that, if the continuum emission arises in the boundary layers of accretion disks, more than 30% of all TTSs may be accreting material at a rate which is sufficiently rapid to alter their evolution from standard Hayashi tracks. They found also a positive correlation between veiling and Ha equivalent width (correlation coefficient 0.61). Although the Ha and continuum emission may arise in physically different regions, this result would suggest a common energy source. Finally, Basri & Batalha (1990, hereafter BB) measured the shape of the veiling over almost the entire optical spectrum in 35 TTSs, using Hamilton echelle spectra. The continuum they find is quite flat longward of 600 nm and increases steeply for shorter wavelengths. They find also some variability of the veiling, sometimes on very short time scales.
The spectra of the CTTs in our sample are probably affected by veiling. In order to correct the observed equivalent width of the lithium line, we need to derive such veiling. We recall that the relationship between the true equivalent width of a line and the observed one is fF true = JF obs (l + r), where r is the ratio of the veiling continuum to the stellar continuum level. Veiling has already been determined for a number of stars in our sample (e.g., by BB). However, due to the possible variabil-MAGAZZÙ, REBOLO, & PAVLENKO Vol. 392 164 ity, instead of using determinations by other authors, we considered convenient to measure r in the same spectra used to acquire the Li i 2670.8 nm equivalent width. Note that some of the stars we classified as WTTSs, according to the criterion in § 2.3, could present veiling in their spectrum. However, according to the relationship between and veiling (see, e.g., BB), we expect r ^ 0.1, corresponding to a correction smaller than the errors in the measurements. Therefore, we have not attempted any veiling correction in our WTTSs.
We used the autocorrelation (AC) method, developed and described by BB. This method is based on the comparison of the AC function of a TTS spectrum with the corresponding function of a standard, after normalizing the AC peaks to unity. First, the widths of the AC functions are compared, broadening the slower rotator in order to match the v sin i of the other object. Then, the level of the " continuum " of the AC function will give a measure of the average line depth in the spectrum. Comparing the AC function of the TTS with various AC functions of the standard star, computed for different values of veiling, one obtains the veiling of the T Tauri star. The level of the "continuum" was estimated by fitting a Gaussian plus continuum to each AC function.
Since, according to BB, this method works better shortward than 650 nm, we used another method as a test. We measured the equivalent widths of selected absorption lines in our TTS spectra and compared them with the equivalent widths of the same lines in standard stars. Unfortunately, we could select only two suitable lines (Ni i 2664.363 nm; Fe i 2666.344 nm) in our small observed range. In fact, considering the resolution and the S/N ratio of our spectra, these are the only sufficiently intense and relatively blend-free lines lying in regions where the continuum is well defined. [6] ). We can see that, despite the limitations posed by the small range observed, the dispersion is in general small and comparable with the results of BB. For three stars we obtained a negative veiling. Taking into account the r.m.s. and the indé-termination due to a possible mismatch in spectral type, we assume that in these stars the veiling is equal to zero and do not make any veiling correction to the Li i 2670.8 nm equivalent width of SR 9, LR Mon, and Sz 19. Note also that Sz 34 Table 4 . Its AC function is quite irregular and suggests that the object is a spectroscopic binary. However, the range at our disposal is too small to make any definitive statement about the nature of this object. Therefore, we excluded Sz 34 from our analysis. The standard stars used in both methods are listed in Table  5 . The reader will see that the luminosity class of these standards is V instead of IV, as should be on the basis of the general claim that T Tauri stars belong to the latter class (cf. § 3.1). We preferred dwarf stars since among these it is relatively easier to find objects with accurate metallicity than in subgiants. Due to uncertainties in the metallicity of subgiants, BB concluded that Hyades dwarfs make better standards. However, their claim does not necessarily mean that T Tauri stars are to be dealt with as class V stars. Much classification work at high resolution still needs to be done in order to clarify this point.
The lithium equivalent widths corrected for veiling, and their uncertainties, are listed in Table 2 (cols.
[6] and [7] ). Note that the deveiled Li i 2670.8 nm equivalent width of BP Tau agrees within 12% (comparable with the typical error in Table 2 ) with determinations by Duncan (1991) and Basri et al. (1991) , despite the fact that the veilings derived in each work are different. This stresses the need of measuring the veiling in the same spectrum where the Li i 2670.8 nm equivalent width is obtained. In fact, if we had adopted for BP Tau the veiling quoted by Duncan (1991) (r » 0.6) instead of our value (r ae 0.2), the obtained equivalent width would have differed from the value quoted in Table 2 by more than 35%.
THE NON-LTE ANALYSIS
5.1. Set-up of the Problem The effects of departures from LTE on the lithium abundances have been studied in cool stars by Steenbock & Holweger (1984) and, more recently, by Pavlenko (1989 Pavlenko ( ,1990 . In this paper, we apply the approach described by Pavlenko to study the deviations from LTE of the Li 12670.8 nm doublet in TTSs.
T Tauri stars often show a strong, saturated Li i 2670.8 nm doublet. The formation region of this doublet is moved to upper atmospheric levels, where nonstationary phenomena, like mass outflows and inflows, may occur. These phenomena are likely to affect mainly the lithium doublet core, which is formed in the outer part of the atmosphere. Their influence on the equivalent width of the strongest lithium lines is expected to be small, since the extended wings of the doublet are formed deeply enough in the atmosphere.
In order to take into account the relatively high formation region, we extrapolated the used (LTE) model atmospheresprovided by B. Gustafsson and calculated under the same hypotheses of Gustafsson et al. (1975) -up to levels where the optical depth in the center of the Li 12670.8 nm strongest line is less than 0.05. The extrapolation is based on the a priori No. 1, 1992 hypothesis that the equation of state of the upper part of the model atmosphere is described by a polytropic law. In this case, log T is linearly related to log P g . After checking that a linear relationship between these two variables holds in the uppermost layers of the used Gustafsson models, we fitted log T versus log P g and used the obtained coefficients to extrapolate up to the optical depth quoted above. The other variables (density, opacity, ...) were then computed in the new layers with the aid of Kurucz's ATLAS5 code.
Using the extrapolated models, calculated for 4000 < T eff < 5000 K and log g = 3.5-4.0, we solved the non-LTE problem for the Li i 1670.8 nm doublet in the abundance range 1.0 < log JV(Li) < 4.0. A microturbulence velocity of 2 km s 1 was adopted for all the stars. We neglected any 6 Li contribution to the Li i 1670.8 nm doublet equivalent width. The resolution and the S/N of our data did not allow us to establish the ratio 7 Li/ 6 Li. However, determinations of this ratio in the interstellar medium (Ferlet & Dennefeld 1984) indicate a value higher than 25.
We followed the linearization method proposed by Auer & Heasley (1976) Fig. 1 ). During the revision process of this paper, we studied the improvement introduced by the use of a higher number of levels. For a few model atmospheres we calculated the equivalent width of the lithium doublet using a 20 level atom model. We found equivalent widths systematically larger [10%-20%, in the range log IV(Li) = 2-3] than those obtained with the six-level model. This effect, smaller than the uncertainties associated to opacity sources, cross sections, and model atmospheres, translates into a decrease of log AT(Li) of about 0.15-0.20 dex, which is lower than the total error affecting our derived abundances (see § 5.3). This systematic decrease does not change the conclusions of our paper.
All the bound-bound transitions were linearized. The bound-free transitions were treated with fixed rates, because the absorption due to lithium atoms does not change the radiation field at their frequencies. In addition to the radiative transitions we considered transitions caused by collisions with free electrons and inelastic collisions with H atoms. The rates for collisional excitation of bound-bound transitions were calculated with the formulae of van Regermorter & Seaton (cf. Vanstein, Sobelman, & Yukov 1979) . The photoionization cross sections were taken from Hudson & Carter (1965) (for the ground state) and Rothe (1971) (for the first excited level). For upper levels, we used hydrogenic cross sections as in Steenbock & Holweger (1984) . Following these authors, the collisions with hydrogen atoms were dealt with using the scheme by Drawin (1968 Drawin ( , 1969 . The oscillator strengths for the Li i absorption lines were adopted as in Pavlenko (1989) .
The ionization balance of lithium in the atmospheres of cool stars is governed by the radiation field. The ionizing radiation in the layers where the lines are formed is strongly related to the absorption and, possibly, reemission of atomic and molecular lines. This radiation field was calculated averaging the intensity at Li bound-free transtion frequencies over a 0.3 nm interval:
where (v 2 -vj/c = 0.3 nm.
The narrow-band features of the field were taken into account. Nevertheless, we have to point out that molecular 165 lines were not included in the UV opacity calculations and that an underestimate of the UV opacity leads to an overestimate of the lithium overionization (Steenbock & Holweger 1984) .
The two lines at 670.776 and 670.791 nm were treated as one radiative bound-bound transition. The upper levels for these lines are the sublevels 2p 2 P? /2 and 2p 2 P°3 l2 , which have close excitation energies and similar source functions (cf. Mihalas 1978) . The absorption coefficient profiles in non-LTE calculations account for the doublet structure of the Li 11670.8 nm resonance transition (Pavlenko 1990) . At the frequencies of all the bound-bound radiative transitions of Li i, the absorption lines of other atoms, ions, and molecules were taken into account.
Results and Discussion
We discuss below the extreme cases T eff = 4000 K and T e{i = 5000 K, both with log g = 4.0.
In Figure 3a we plot Menzel coefficients b¡ = n¡/n* (where nf and ni are the LTE and non-LTE populations for the level i, respectively) versus the continuum optical depth at 1 /un, for the model T t(f = 4000 K, log g = 4.0. As a result of the lithium overionization, f> ; < 1 and the non-LTE Li 12670.8 nm equivalent widths are smaller than in the LTE case. The non-LTE abundance correction AlV(Li) = ;Y(Li) nl , e -lV(Li) lte is greater than zero both for log AT(Li) = 2.0 and 4.0. The saturation of the lithium lines does not allow changes in the sign of AlV(Li), despite < B v being for a wide range of depths, as shown in Figure 4a . In fact, the non-LTE lines are less intense than in LTE, because the line formation region in non-LTE is shifted toward greater depths. As a result,
where t is the optical depth at the frequencies of the resonance Li lines. Menzel coefficients and the source function for the model T eff = 5000 K, log g = 4.0 are plotted in Figures 3b and 4fr . In this case the lithium lines are not saturated for low lithium abundances [e.g., log iV(Li) = 2.0], saturating as the abundance increases. While for the low abundance the behavior is similar to the previous case, for log iV(Li) = 4.0 non-LTE lines are more intense than in LTE, because LTE and non-LTE line formation regions are less separated than in the T eff = 4000 atmosphere (see Fig. 4 ). Now, in the core of the doublet lines we have
where r v is the line profile. Even if the opposite happens in the wings (rf e > rf), we have W nhe > W lte . This effect depends on overionization efficiency in the stellar atmosphere. In fact, our computation showed that IT nlte < W Uc even for log iV(Li) = 4.0 when the UV opacity due to line absorption is switched off.
Note that a necessary (but not sufficient) condition for the validity of equation (3) is saturation of the resonance doublet lines. When these lines become strong, the transitions 2s 2 S2p 2 P are almost at radiative balance (cf. Mihalas 1978) . In this case the statistical balance of Li i is mainly due to bound-free transitions and the first level population is strongly affected by interlocking effects (cf. We assumed a scaling factor e = 1.4 and used the classical approach, adopted in Kurucz's WIDTH6 program, which gives only approximate values of the damping constants.
Derived Abundances
The curves of growth of the lithium doublet obtained from LTE and non-LTE calculations have been compared with the equivalent widths measured in stellar spectra after correction for veiling. From this comparison, the abundances listed in Table 6 have been derived. In Figure 5 the non-LTE corrections for the Li i ¿670.8 nm equivalent width, in the extreme cases T eff = 4000 and 5000 K (log g = 3.0 and 4.0), are shown. Note that for stars with T eff below 4000 K we do not have suitable atmospheric models and therefore used extrapolations of the above curves of growth. Such extrapolation spanned no more than 400 K.
We estimate that the combined errors in temperature, gravity, and micro turbulence give a typical uncertainty (1 a) on log AT(Li) of 0.3 dex for a K3 star and 0.2 for a M0 star. This has been calculated according to the quadratic combination of the errors quoted in § 3 and considering a 0.1 dex error bar as produced by an uncertainty in microturbulent velocity of ± 1 km s -1 . Note that the actual error introduced by uncertainties in microturbulence varies with the model and the lithium abundance, being higher for cooler models and lower abundances (±0.15 dex) than for hotter models and higher abundances (±0.07 dex). The typical error quoted above has to be combined with the resulting uncertainty on the equivalent width and the veiling (Table 2, col. [6] ). The total uncertainty on the lithium abundance is shown in Table 6 (col. [4] ). Note that another potential source of errors lies in the damping constant. For instance, if we set £ = 4 in equation (5), the derived abundances are reduced by 0.1 dex for low abundances [say, log iV(Li) « 2], and by -0.3 dex for higher abundances [log iV(Li) « 3].
DISCUSSION
In Figure 6 we have represented the lithium abundances (corrected for non-LTE) versus mass, distinguishing CTTSs from WTTSs in accordance with § 2.3. We recall that for CTTSs the evolutionary tracks in the H-R diagram could be altered (Hartmann & Kenyon 1990 ) and, in turn, the determination of ages from theoretical isochrones could be invalidated. In contrast, for WTTSs we expect no modification of the evolutionary tracks.
Inspection of Figure 6 clearly reveals that there are no cases of significant lithium depletion among classical stars. In fact, those stars with apparently lower abundance [Sz 98 and Sz 77, with log iV(Li) = 2.59 and 2.74, respectively], belong to the sample by FB, and their Li i ¿670.8 nm equivalent widths, taken from FB, have not been corrected for veiling. Correcting for a small veiling (r ä 0.1-0.3), compatible with the Ha emission of these stars, would increase their equivalent widths enough to obtain an abundance similar to the remaining stars. Figure 7 shows the distribution of lithium abundances in classical and weak T Tauri stars. Most of the stars are located around log A(Li) = 3.2, which is the average value in meteorites (see Reeves & Meyer 1978) and is close to the Li abundance determination in the ISM (see, e.g., Ferlet & Dennefeld 1984 and references therein).
Classical T Tauri Stars
The average value of the lithium abundance of our sample CTTSs is log N(U) = 3.29 with an r.m.s. of 0.38 dex. Since these stars are extremely young, less than 3 x 10 6 yr (according to the isochrones reported in CK), their abundance may be interpreted as that of the interstellar medium of the associations to which they belong; in turn, such abundance is very similar in all the associations. This result is similar to that obtained for young stellar clusters like a Per, Pleiades, Hyades, or Coma, where stars which may have preserved intact their lithium content show very similar abundances in the different clusters. This suggests that we are dealing with an interstellar medium in the solar vicinity which has been well mixed over the last billion years. Strom et al. (1989) suggested the possible existence of an overabundance of lithium in T Tauri stars, of up to one order of magnitude in relation to the generally accepted cosmic abundance. Basri et al. (1991) also report strong Li overbundances in some of their CTTSs, although, as stressed by the same authors, these excesses do not exceed the error bar of the measurements. We may note that both groups employed in their analysis models which do not include all the layers where a strong lithium line is formed. This causes the corresponding equivalent width to be lower than expected for a given abundance; consequently, one obtains systematically higher abundances. This effect is greater the cooler the stars and higher the abundances. In particular, for a star with T eff between 4000 and 4500 K, and equivalent widths between 50 and 60 pm, the extrapolation to higher layers in the models (see § 5.1) produces a reduction of at least 0.2-0.3 dex in the abundance of lithium with respect to nonextrapolated models. We understand that the extrapolation we performed may be uncertain, since a polytropic equation of state may be quite far from describing the upper layers of the atmosphere of a PMS star, but we believe it provides a better approximation to the lithium abundance than if it were not applied (see also Duncan 1991) . Another factor which may explain the lithium excesses determined by the authors quoted above is the calibration of effective temperature versus spectral type. Whereas the calibration they adopt is suitable for stars of luminosity class V, on the basis of the considerations outlined under § 3.1 we deem more adequate a calibration of temperatures for luminosity class IV. This introduces a systematic, positive difference between their temperatures and ours which is important in the range 4500-5000 K (up to «400 K), and negligible around 4000 K. Note that a reduction in temperature of 400 K produces a decrease of « 0.4 dex in the abundance of lithium.
These two points may explain the apparent deviation of the cosmic value for a significant part of the stars in the samples of Strom et al. (1989) and Basri et al. (1991) and reject the speculation about a value of the lithium abundance in the interstellar medium much higher than that accepted until now. Our study contributes in reaffirming 3.2-3.3 as the best estimate of the current lithium cosmic abundance and does not provide support to high baryon density inhomogeneous big bang models (Alcock et al. 1987) , which predict a very high primordial abundance of 7 Li. Only one star in our sample, Sz 24, presents a remarkable excess in lithium abundance, more than 2.5 a far from the average value of the remaining stars. Unless there is a serious error in the estimate of the parameters of this object, or in the measurement of veiling (the largest in our sample), we cannot exclude that the obtained abundance [log IV(Li) = 4.31] is real. This excess might indicate a possible autogenetic production of lithium rather than local Li enrichment in the cloud where the star was formed. In fact, other Chamaeleon stars present abundances around 3.2, arguing against the latter hypothesis.
Several authors (e.g., Fowler, Greenstein, & Hoyle 1962; Gradsztajn 1965 ) discussed the possible production of lithium via spallation reactions of cosmic rays in the atmospheres of T Tauri stars. However, this idea was abandoned due to the large quantity of energy that the synthesis of a lithium nucleus requires (Ryter et al. 1970) . As noted by Isern et al. (1989) , lithium production in a thin layer of matter in the photosphere of a T Tauri star, or in an accretion disk, would be sufficient to produce a momentary excess in the star. This excess, which would probably not suffice to modify substantially the global content of lithium in the star, could however be measured during a certain time in the pre-main-sequence phase.
The abundance ratio of lithium isotopes produced by spallation reaction is 7 Li/ 6 Li « 2-7, depending on the slope of the power law energy spectrum of the cosmic rays accelerated in stellar flares (see, e.g., Isern et al. 1989) . Since these values are much lower than expected from ISM measurements (Ferlet & Dennefeld 1984) , a possible test to this autogenetic production of lithium may be conducted via the determination of the isotopic 7 Li/ 6 Li ratio in the stellar photosphere. We have calculated synthetic profiles of the Li i 2670.8 nm doublet, considering a variety of isotopic ratios, but unfortunately the resolution of our spectrum does not allow to establish interesting restrictions. Any 7 Li/ 6 Li <; 2 ratio would be compatible with the observed spectrum. Therefore, until spectroscopy of very high resolution and S/N may be attained, we cannot reject the fact that the lithium excess in the star may be due to spallation by cosmic rays within the star or in the accretion disk surrounding it.
Weak T Tauri Stars
The analysis in the previous section does not reveal evidence of lithium destruction in classical T Tauri stars. A glance at Figure 7 shows that while the majority of WTTSs in our sample present abundances around 3.2, there are some with log JV(Li) < 2.5. The location of these Li-poor WTTSs in the H-R diagram suggests that they are the most evolved among the stars with the same mass. In order to analyze in detail the characteristics of the lithium depletion which we observed in some WTTSs, we have grouped these (together with CTTSs) according to mass and drawn in Figure 8 their lithium abundance versus age. The reader should be aware that the uncertainty associated with our determination of stellar ages can reach a factor of 3 for very young objects (age < 3 Myr) and is about a factor of 2 for objects in the radiative tracks.
Whereas in stars more massive than the Sun there is no evidence of lithium destruction, in stars with M « 0.8-0.9 M 0 strong cases of Li depletion are present. Our results suggest more efficient lithium depletion for 0.8 M 0 than 0.9 M 0 , and a time dependence of the lithium decrement, i.e., stars closer to the main sequence present greater depletion. we find a depletion of two orders of magnitude at an age of 2-3 Myr, while for stars around 0.9 M 0 we find a Li depletion of one order of magnitude at ^20 Myr.
Due to the uncertainties in the computation of PMS evolutionary tracks (see, e.g., Mazzitelli 1989), these findings have to be taken with caution. Nevertheless, they are consistent with those recently obtained by Martín, for several post-T Tauri stars (PTTSs) with masses between 0.8 and 1.2 M 0 . In PTTSs of 0.8 and 0.9 M 0 , with ages slightly higher than our TTSs, a lithium depletion of at least one order of magnitude has been reported, while in more massive PTTSs (1-1.2 M 0 ), no depletion is observed. Stauffer et al. 1989 studied the lithium abundance in a sample of probable members of IC 2391, a cluster of age «30 Myr. Among the coolest objects of their sample, we can find a star of approximately 0.8 M q with log iV(Li) = 2.5, and cooler stars-masses of 0.7 and lower-with upper limits for Li abundance in the range 1-1.5 dex. To conclude, there is general agreement on the existence of an extremely efficient process of lithium destruction for masses around 0.8 M 0 , while for M > 1 M 0 , no depletion is observed. In our sample, the stars with 0.4 < M ^ 0.6 M 0 (age «0.3-4 Myr) do not show lithium depletion. Magazzù et al. (1991) derived (in LTE) an abundance log AT(Li) = 2.3 for UX Tau B (0.4 Mq ; « 1 Myr), finding considerable lithium depletion. We have reanalyzed this star in non-LTE, and found log AT(Li) = 3.2. Note that in non-LTE, for the brighter companion (UX Tau A) we found a very similar abundance, log iV(Li) = 3.1. This shows that the neglect of non-LTE effects in very cool low-mass stars may lead to an overestimate of the depletion.
The predictions on the lithium destruction suffered by lowmass stars during their PMS evolution are strongly dependent on the opacity adopted for stellar interiors (Swenson, Stringfellow, & Faulkner 1990) as well as on the description of convection in them. The predictions by Proffit & Michaud (1989) or Pinsonneault et al. (1990) indicate that for objects younger than 30 Myr, the greatest Li destruction is present in the mass range 0.7-0.9 M 0 , which is consistent with the observations here described. However, we find that this depletion occurs earlier than predicted by the models. A faster Li depletion rate has been found by D'Antona & Mazzitelli (1984) , when considering chemical extramixing in their models. Our observations would suggest the presence of extramixing, but other explanations, involving, e.g., higher opacities in the stellar interiors or turbulent diffusion, must also be considered.
SUMMARY
In this paper we have presented an analysis of the abundance of lithium in 36 pre-main-sequence (CTTSs and WTTSs) stars, on the basis of our own observations and data from the literature.
For all the CTTSs whose spectrum was available to us, we have derived veiling and corrected the Li i 2670.8 nm equivalent width by the appropriate factor. We have presented a study on non-LTE effects in the formation of the lithium doublet in TTSs and derived corrections to the abundances obtained in LTE in the range 1.0 < log iV(Li) < 4.0. We find the following:
1. For 4000 < T eff ^ 4500 K, a significant upward correction to the LTE abundance («0.3-0.6 dex).
2. For 7¡ ff close to 5000 K, smaller corrections («0.2 dex); for log N(Li) > 3, downward corrections («0.1 dex) are found.
Our best estimate of the initial value of the lithium abundance in TTSs is log A/^Li) = 3.2 ± 0.2, which is in close agreement with the so-far accepted present cosmic abundance. The different associations studied present little scatter around this value. We argue that the use of model atmospheres including all the layers in which strong lithium lines form, the adoption of a temperature calibration scale for luminosity class IV, and a non-LTE analysis, may reduce most of the apparent lithium excesses recently found by several authors. However, the existence of some T Tauri stars with real lithium overabundance cannot be ruled out. A measurement of the 7 Li/ 6 Li ratio would be helpful to determine whether an autogenetic production of lithium via spallation reactions has taken place.
While in our sample of CTTSs we find no evidence of lithium depletion, the most evolved stars among WTTSs-with masses in the range 0.8-0.9 M 0 -present lithium destruction of up to two orders of magnitude before 10 Myr. This shows that a significant part of the lithium destruction observed in stars of 1992ApJ. . .392. .159M No. 1, 1992 this range of mass in young stellar clusters could take place at a very short time scale, during the pre-main-sequence phase. Further intermediate-high resolution spectroscopic observations in WTTS and PTTS stars, along a wide range of masses, may allow to follow the time evolution of lithium destruction in the PMS, and subsequently infer important restrictions for modelling the interiors during early evolutionary stages.
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